
Measuring Protein-DNA interactions 
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How is Biological Complexity Achieved? 

Mediated by Transcription Factors (TFs) 
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Transcription Factors are genetic switches 

Wasserman & Sandelin Nature Reviews Genetics 2004 
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“…how these TFs orchestrate the expression of thousands of 
genes in a genome to create such a spectrum of biological 
diversity remains a mystery…” 
 
 
Several methods have been developed in the last 
several years to study TF-DNA interactions and to 
understand the function of TFs. 

The big point is: 
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HTP Methods for studying TF-DNA interactions 

 

• Systematic Evolution of Ligands by Exponential 
Enrichment - SELEX (obsolete) 

• Yeast-1-Hybrid (Y1H) 
• Bacterial-1-Hybrid (B1H) 
• Protein Binding Microarrays 
• Chromatin Immunoprecipitation followed by chip (ChIP-
Chip) or followed by Sequencing (ChIP-Seq) 
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SELEX 
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Y1H and B1H 

- Both are modifications of the Yeast-2-hybrid system. 
-  In Y1H, we screen several TFs (prey) against a fixed promoter (bait). 
-  In B1H, we screen milions of promoters (prey) against a fixed TF (bait) 
- Surviving colonies are grown, the DNAs are sequenced (NGS) using and TF-
specific DNA sequences retrieved for further analysis. 
 

the auxotrophic his3 mutation, allowing colonies to grow on selective medium lacking
leucine and histidine. Library vectors used in the one-hybrid system are designed to
express cDNAs as translational fusions with a strong constitutive trans-activation domain
from a transcription factor (e.g., Gal4p, VP16). Therefore, the method is not limited to
isolation of transcription factors that contain an intrinsic activation function, but also
allows identification of repressors or other DNA-binding proteins. The one-hybrid
method described in this unit is fully compatible with the many existing Gal4p- or
LexA-based hybrid libraries that have been constructed for two-hybrid applications (e.g.,
UNIT 20.1). Most commercially available libraries were produced by direct cloning in
plasmid vectors. Alternatively, expression libraries can more efficiently be made in
lambda phage–based vectors. The Support Protocol refers to available library construction
vectors and the procedure for conversion of lambda phage into plasmid libraries via in
vivo mass excision.

Following the actual screening, the discrimination between true and false positives is an
important step. The unit describes how to analyze the positive colonies with simple
molecular methods and how to develop strategies to determine whether or not an isolated
prey indeed represents a transcription factor that specifically interacts with the bait
sequence (see Basic Protocol 3).

All steps for making the necessary preparations to perform a one-hybrid screening and to
analyze the outcome are summarized in a flowchart (Fig. 12.12.2). Furthermore, a
schematic representation of the procedure is shown in Figure 12.12.1. Many foreseeable
complications or possible unexpected results are extensively discussed in the Commen-

GAL4 AD

pACT II' cDNA library

library protein
     

Gal4p
AD

TATA

hybrid protein interacts

bait sequence

transcription ifGAL4 activation
domain (AD) vector

transformation

yeast reporter strain
(leu2, his3)

selection for positive growth
on CM -His -Leu 3-AT plates

HIS3 selection gene
pINT1 vector

with bait sequence

PADH1

TADH1

LEU2

2 µ ori

Figure 12.12.1 Schematic overview of the yeast one-hybrid screening procedure to clone transcription
factors or other DNA-binding proteins. A cDNA expression library in an E. coli-yeast shuttle vector is required.
In the example shown here, the cDNA is expressed from the yeast ADH1 promotor and is fused to the
activation domain (AD) sequence of the yeast transcription factor Gal4p. With a unidirectional cDNA library,
one-third of the clones should produce in-frame fusions with the AD coding sequence (hybrid proteins). The
detection of the interaction is via activation of the HIS3 growth marker. Recognition and binding of a
transcription factor to the bait sequence cloned upstream of the HIS3 gene will result in HIS3 expression.
This complements for a chromosomal his3 mutation, thereby allowing colony formation on histidine-deficient
medium. The LEU2 marker on the cDNA library vector complements for a chromosomal mutation in the leu2
gene.

Supplement 55 Current Protocols in Molecular Biology

12.12.2
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Protein Binding Microarrays 

1 

2 

3 
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Chromatin immunoprecipitation (ChIP) 
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What do you get from the IP? 
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Protein-DNA interactions by ChIP-chip 
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•  Profiled 204 transcription factors in “normal” conditions 
•  Another 148 TFs in 13 additional growth perturbing conditions 
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Predicting the DNA binding sites 

Harbison C, Gordon B, et al. Nature 2004 
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Different promoter architectures 

Harbison C, Gordon B, et al. Nature 2004 
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Harbison C, Gordon B, et al. Nature 2004 

Different conditions activate TFs 
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Harbison C, Gordon B, et al. Nature 2004 

Example genome annotations based on chIP-
chip 
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ChIP-Seq 
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Next Generation Sequencing 

Let’s see this in action 
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ChIP-Seq: Workflow is similar as for ChIP-chip 
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ChIP-Seq: the data is more precise 



22 
Introduction to Systems Biology 

ChIP-Seq: Histone modifications 

Emes R D , Farrell W E J Mol Endocrinol 2012;49:R19-R27 

Unmethylated DNA 

Methylated DNA 

H3K9Ac 

H3K4me 

H3K9me3 

H3K27me3 
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ChIP-Seq: Histone modifications 

Histone Type of 

modification H3K4 H3K9 H3K14 H3K27 H3K79 H4K20 H2BK5 

mono-

methylation  
activation activation  activation activation  activation activation 

di-methylation  repression  repression  activation   

tri-methylation activation repression   repression  
activation, 

repression 
 repression  

acetylation  activation activation      

  H3K4me3 is found in actively transcribed promoters, particularly just after the transcription start site. 

  H3K9me3 is found in constitutively repressed genes. 

  H3K27me is found in facultatively repressed genes. 

  H3K36me3 is found in actively transcribed gene bodies. 

  H3K9ac is found in actively transcribed promoters. 

  H3K14ac is found in actively transcribed promoters. 
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ChIP-Seq: Histone modifications 
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ChIP-Seq: Histone modifications 
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Analysing ChIP-Seq data 
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Analysis pipeline 
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Analysis pipeline 
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Analysis pipeline 
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fastx-toolkit 

bowtie 

MACS for TFs 
SICER for histones 
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Analysis pipeline 
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Peak calling! 

•  Standard algorithm is MACS (Model-based Analysis of ChIP-Seq) 
–  http://liulab.dfci.harvard.edu/MACS/index.html 

 
 
 

Simple description: 



Peak calling! 

–  MACS allows for the calling of peaks using a background (control) track 
or against reactions performed in different conditions 

 
 
 



Analysis pipeline 



Downstream analysis: the biology! 

- Having called the peaks, we need to find out what they are and how biologically  
relevant they are.. 

 - We need to find the DNA motifs bound by the TF 
 - We need to call the peaks: what genes might be regulated by the TF? 
 - We need to compare / integrate various datasets to get the full story 

 
-  Many tools have been created for this, but I like Homer (Heinz S, Benner C,  
Spann N, Bertolino E et Mol Cell 2010 May 28;38(4):576-589.) 
 
http://biowhat.ucsd.edu/homer/ngs/index.html 
 


